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The three previous notes® in this series have outlined the theory
ol the motion of a bomb reocovering irom disturbances on the assumption
that the bomb was stables This note outlinea the- different types of
instability = cartwheeling, undempod spinning, and whirling = and .
describes the aerodynamlc bisis of the methods of eliminating them,

1 Cartwheeling

I the centre of pressure is ahead of the cencre oi gravity, in
axial flight the bomb will be in unstable eguilibrium and & small -
disturbance will introduce a deo=atabilising aerodynoamioe momont. There
is 0o jposition of stable equilibrium and the bomb never assumes a fixed
attitude to its flight path but tumbles all over the place, or "carte=
wheels"; +the motion ls completely disorderly.

The cure. for this fora‘of instability may be attempted by moving
the centre of gravity forwards or the centre of .pressure backwards; the
former method involves a changein the mass distribution but may leave
the external shape unaltered, whereas the latter changes the external
shape and mey make a negligibly amell change in the centre of gravity
positions. In order to shift the centre of pressure backwards the
1i%t on the nose of the bomb may reatly reduced by using a nose ~
spoiler (Arm," Dept. Note Mo, ﬁ_t'm.'IG?% or the 1lirt &t 'i:he rear increased
by a redesign o.' the tail.

2  Undemped Spinning

Bombs are sometinies obscrved oscillating or spinning with a.'!moat
congtahi emplitude; at any rate, the e.mpll\.ude does not change ra.p:l.dly-
This type of wotion is more often noted late in flighi rather than very
early in flight, and arises from poor airflow over the taile

Good stadility requires that a large restoring moment shall be
generated at snall angles ol “incidenoe, and this requires that the
tail drum or a reasonably lerge area of fin shall be ou’ of the wuke
rrom the bodys Unless tils condition is satisfied, the tail surfaces

* Previous Notes: Toch, lotos.Nos. Jxmie 61, 81‘3&77 2 5 4 0 w :
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ds net develop 1ift effectivelys If the sa 11 is in the wake when

the bomb is in axial £1igh%, there will be a range of incidence in which
the restoring moment is negetive, zero, or very amall, until a critical
anile is reached at which the tail surfoces begin to be free of the
wizkeo & restoring moment or reasonable magnitude is Ghen developed.
The bowb can therefore spin with s cone semi-angle roughly egual to this
eritical angle, end the result is uwndamped spiming. »

The wake diameter is merkedly dependent on the degree of "break
away" of airflow at the junction of the tail cone and the bomb body, ¥
in bombs which are nob .LUJJ.}/ gtrealined,  Breakawey becomes imore g
severe at highcr speeds, honce the tendency of the undmaped spin to
occur labe in Tlight = ot higher ‘speeds = as the weke diemeber in-
creases, - When the speed becomes so high that shock waves begin to
develop from the bomb body, breskmsmy ab Tirst beccues more severe bub
ab s%ill higher speeds - as the point of formation of shock waves moves
back along the body = conditions may improve ogoins

This type of 1n"’- 'biln.:;y can be curcd by ensuring that the tail
surfaces are not-in the wake from the body. The ¢ail or body must
"be redesigned in order to reduce the wake diameter, or 1ift surfaces
must zmush be placed outside the weke. dianmcter (e.g. expanding fins).
Part of the tail surfeces nay be shielded if the body lacks symmetry
or the tail is not sguarely Pitted and the boub nu.,r excecute undamped
i n bhough it vould have been very stoble if a.ccura.cely made

mhleds - g

3 Thirling

4 type of instebility na w«’clcul'u‘ly liable to occuxr in bombs which
r&ee“-*v"e 2 violent disturbance on release is "whirling"; +he bomb flies
with its exis at a _L arge angle of ineidence o the direction of motion

@il rovates repidly. T’m.s mgr be called a ©lat spin and is akin %o the
autorotation of sercplenea; it ia a stoble stabe. R

In considering hew this typd of moticn arises the fundsmental
principles ere mede clearsr by considering an cerofoil rather than a
boiab, - i '
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Consider (Figure 1) a restongular serofoil ABCD of sphn 23 and .chord
¢ flying at incidence @ %o -a relative wind gpeed Ve Iet the aercfoil
be given an angulor velociby of rotabion p about She rclr_.tlve wind and
consider an element EF distant y from the cenbre andsof ’breadul1 daye

Tith the rotabion as showm, EF moves downward and its angle of B
incidence is thereTore lncreased by an angle yp/V; the corresponding
elexent XE'F! on the other side suffers a decreasc of ineidence y‘o/V
If dL is the element of rolling moment dug to E‘E‘ and E'}?' and, 1s .
measured in the soue direction as p, then , : e

L, P
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aL=--‘s(bcL)-p-ody-V2 y+’-(°GL)P-cd.v-V y
or u:-gpcva(ocL GC')dy , : 5 ceveee(l)

vhere wt and 50_-[} exre the positive increwments of 1ift cocfficient on

¥ and E'F! due to rotokion; they are, of course, dependent on yp/Ve

i typlecal 1lif+d coefficient=-incidence curve is shown in Fig. 2.
Along 4B the 1ift coefficient incresses rouzhly lincarly with incidence,
and at C +the moxiiwa 1ift coefficient is roached; this point is known
es the stalle Thercafter the 14t coefiicient begins to decrease as
incidence incrcasecs,
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e 1 Supposing in the case.we cre considering conditions are such that
" the nexdinm incidence & + sp/V end the minimun & - sp/V7 both lie in
the straight portion 4B of the Cp wa curve, then in the equation
we have obiained for 4L, asswiing ~—= is constont:
: de . &
ac,
ﬁcL c ! g e, X2
& v
ac ;
Hence dL ==fP ¢ V2 y 2.?.3}-‘.@

or dI.=-Pch'2pd::" ay
Integrating tiis ecuation {or the whole wing gives
.« 1 5 ch 3
Ii=m=pos PV == - sesnse (2
3 ao 2)

Tids cuanbtity is negative wnd is usual],v la.rz,e » hence any tendency
to roll iz -opmosed by a couple wihich daps it outs

Suppoae, now, thot the wing had been stalled before rotation, its
incidence corresponding to Q' in Mgure 2, The incidencespf EF and
E'F! arc then represented by R' and P! vhere

i P'C}' = IRt = yp/V.

‘1t is clear thet 6GL = QT and iz negative while GCL' = 8P ond is

positive; hence let

o \ ‘ o ) t’i‘,‘:
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IOOL-OCL"BA (= =T = SP) ' .
“there A is oleerly negative for incidences greater than the stalle

Substituting in equation (1) and integrating ior the whole wing
we obtain :

La.fé-pcvz yb.dy

o
whioh may be re=writien as
# sp/V
Lg-L—c-—-— EA d XR oooooo(})
. 2 pz v \ v
. [o] :

Now yp/V ic the increnment of incidence at any point and A the
differential 1lift increneni betwmeen the element at that point and the
corresponding element onthe other side ol the wing. ILet

yo/V = ¢ ond sp/V = 85

then ¢

L=w Lc—-vi /B (M) d¢ ooooo.(ll-)
2.p2 '

Flotting ¢A against ¢ the arce under the curve as far as $g

is proportional to the rolling noment at constant p and V, although a
nogative aree corresponds to a positive, or destabilising mcrent.

Now consider tiie nature of the curve of ¢A agoinst de When ¢
is zero thers is no difference ia incidence between ths pair of eleuments,
hence A is zero and the curve thercforc pesses through the origine
For o amall ¢, since we are assuxing the initial incidence a to be
ebove the stall, the peir of eleuents ocorrcspond o points P and R
of Figure (2) and A is therefore negative; hence the curve of $4
against ¢ starts out negatively iro: the origin for positive ¢, As
¢ is increased, eventuclly the olemsents correspond to Py and Ry for which

A - is agein zero; the ¢ ourve therefore nlso reschcs zeroe For still
~ greater incidences (P, cnd Ry), A beoomes positive, hence so also does

$A  The Tora ol the curve of $8 against ¢ is thereiore as shown in
Figure 3

/Pigure 3
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it rarely occurs at angles oi leas than 1..00 vwith ordinary Yorbs.

Fhirling is clesrly an undeairable feature in a bonb since it will
noke accurate aining impossible and nay result in ilat strikes with
feiluro to detonates It can only be elimdinnited by iuproving the
stability ol the bombe This may mean inoreasing the slope of the Cy=

ourve (inareasing M, negetively and decrcasing %‘1—‘) or sirply by &

uodification wiiish increnses the stelling .incidence.  Little is known
about the pltching ::cients ol bobs at large angles of incidence, hence

. elixdnation of whirling caxmot be achieved by oliing for increase of the
stelling incidonoe, although thias Ly be achicved nceidontally. For
exgiple, in experivents with the 100 1b, 14,0, bomb thire were two varie
ants identical except that one had an ogivael nosc and the other a bluff
and rounded nose; their weatheroock atabilities were cliost identical-
yet the type with biluil wald rounded nnse had less tendency to whirl
than that with the more astreamlined nose,  Other oxperiments also tend
to confirm: tids f'act = that blufi and rounded noses are leas liable to
whirl thon wore strea:lined ones, even though the weathercock stabilities
ot nodernte angles of' incidence are not greatly different.
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